Many constitutive equations for viscoelastic fluids have been proposed, but no equation describes completely the Theological behavior of viscoelastic fluids. Consequently, it is necessary to select a constitutive equation suitable for numerical analysis. In the present paper, we studied seven constitutive equations by comparing computed values with the experimental data of the viscosity r~ and the first normal stress coefficient p 1 for three polymer solutions.
Introduction
Although many constitutive equations for viscoelastic fluids have been proposed, there is no equation describing completely the theological behavior of viscoelastic fluids. Consequently, it is necessary to select a constitutive equation suitable for numerical analysis with considering fluids and flow fields. Thus, it is important to understand characteristics of constitutive equations.
In the present paper, we picked up typical constitutive equations, showed their characteristics[ 1 I [2 1 and studied them by comparing computed values with experimental data of the viscosity r~ and the first normal stress coefficient ~i 1. Varing the viscosity and the first normal stress coefficient of polymers, we chose three polymer solutions for test fluids; 0.2 wt% aqueous solution of Polyacrylamide (PAA), 1.0 wt% aqueous solution of Carboxymethyl cellulose (CMC) and the mixture of CMC and PAA.
Notation
The notations used in the present paper are defined as follows; z : extra stress tensor D : rate of deformation tensor C-1 : Finger strain tensor C : Cauchy strain tensor 8
: 
Characteristics of Typical Constitutive Equations
The viscosity of all test fluids used in the present study shows the shear-thinning property, therefore our examinations are restricted to the constitutive equations which describe the shear-thinning.
Some constitutive equations and their r~ and Li 1 are given in Tables 1 and 2 with differential and integral  types respectively. Table 3 shows the results obtained from the K-BKZ model and the Rivlin-Sawyers model by giving some memory functions M, potential functions W and damping functions Oi.
Differential constitutive equations
The characteristics of the differential constitutive equations are summarized below.
(a) This model is relatively simple and gives reasonable results for the dependence of the viscosity and the first normal stress on the shear rate. The model is useful in exploratory calculations aiming at the assessement of the interaction between the shear-thinning and the memory on the flow fields.
(b) Oldroyd 8-constant model This model can describe more rheological behaviors than the convected Jeffreys model. Although we cannot obtain sufficient quantitative results with this model for the viscosity and the normal stress coefficient which are possible with the White-Metzner model, many viscoelastic behaviors (e.g., stress overshoot in start-up of steady shear flow and a bounded elongational viscosity) can be described qualitatively. In order to obtain more qualitative Since models (a) and (b) have essentially the same properties, we show their characteristics together. These models include the general linear viscoelastic fluids completely, and make it possible to choose simple empirical functions for M(s) and W(or 0;) to obtain reasonably satisfactory constitutive equations with some parameters. They generally overestimate the elastic recoil.
(c) Bird-Carreau modelt41 This model is complex, but is capable of describing quantitatively a large number of phenomena (e.g., nonNewtonian viscosity, first normal stress coefficient, complex viscosity, stress relaxation), and also capable of describing other flows only qualiatively (e.g., stress growth at inception of steady shear flow, hysteresis loop).
Test Fluids
We used following three polymer solutions for test fluids;
(i) 0.2 wt% aqueous solution of PAA (E-10 Allied Colloids (UK) Ltd.)
(ii) 1.0 wt% aqueous solution of CMC (BDH Chemical Ltd.) (iii) Mixture of CMC and PAA; 2 wt% aqueous solution of CMC and 0.5 wt% aqueous solution of PAA, and the weight ratio of them in the mixture is CMC 0.84 wt%, PAA 0.2 wt%. Table   4 Parameters for Oldroyd 8-constant model Table   5 Parameters for Giesekus model Table   6 Parameters for Corotational Jeffreys model Vol. 38. No.2 (1992) where Ak is time constant and w is angular frequency, we determined them from the experimental data of i and ail in the present work.
Enough quantitative fit is not obtained from the Segalman/Hassager model, while relatively good fit is obtained from the Tanner-Simmons model except for 0.2 wt% aqueous solution of PAA. The Rivlin-Sawyers and the Bird-Carreau models give good quantitative fit. In particular, because the parameters P 1 are independent of r~, the Bird-Carreau model agrees with the experimental data of both 1.0 wt% aqueous solution of CMC and the mixture of CMC and PAA, both of which have the same t but different i,Li 1. (2)+2r) ....... (40) where E is elongational strain rate. Figures 8 and 9 show the computational results of the Giesekus model and the Bird-Carreau model respectively. They are calculated with the parameters for PAA 0.2 wt% solution and CMC 1.0 wt% solution listed in Table 5 and 10. It is known that PAA solution shows stretch--thickening, and CMC solution shows constant elongational viscosity171 . Fig. 8 shows these properties, and suggests that the Giesekus model is able to describe these elongational properties. It is necessary to compare the calculated value with the experimental data to know whether this model can quantitatively describe these behaviors. On the other hand, Fig. 9 shows that the Bird-Carreau model cannot represent bounded elongational viscosity.
Conclusion
In the present work using seven constitutive equations, we calculated the viscosity r~ and the first normal stress coefficient Li 1, and compared them with experimental data.
The constitutive equations were classified roughly as below;
(1) Models that agree quantitatively with the experimental data of i and L 1 are as follows; (Differential type) Giesekus model, (Integral type) Tanner-Simmons model (K-BKZ), Segalman/Wagner model (RivlinSawyers), Bird-Carreau model. Table   9 Parameters for Segalman/Wagner model The best results are obtained from the Giesekus model in the differential type, and the Bird-Carreau model in the integral type.
The above results obtained are not enough to decide the superiority of the equations. Thus the following studies will be expected to know their performance precisely;
(1) Examinations with polymer melts or suspensions; all test fluids in the present work are polymer solutions.
(2) Examinations with material functions other than the viscosity and the first normal stress coefficient used in the present work; for example, elongational viscosity. In addition, [1] [2]
[3]
[4]
[5]
[6] [7] it is useful to examine transient properties.
